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ABSTRACT

Person re-identification through non-overlapping camera system recently
becomes one of the most interesting problems in automated video
surveillance. Once people are detected in the scene, they are characterized
by the appearance-based models. However, the background in the cropped
image obtained from the human detector could still affect the model used
for person re-identification. Thus, in this paper, we propose a re-
identification system including two main tasks: removing the background
in the image of the detected people; and reinforcing the local patches that
are discriminative to different people, and reliable in retrieving the same
person in different non-overlapping cameras.

TOM TAT

Bai toan tai nhan dang nguoi huong toi viéc tw dong theo vét va tim kiém
lai doi twong di chuyé’n trong hé thong camera giam sat voi goc nhin cua
cdc camera khéng chong lap nhau. Khi mot doi twong dwoc _phat hién
trong khung danh, cac ddc trung vé hinh dang bén ngoai ciia doi tiegng sé
dwge trich xudt théng qua viéc xdy dung cac mé hinh déc ta. Tuy nhién,
phan hinh nén con lai ciia khung danh trich xudt doi twong thu dwoc tir gidi
thudt phat hién ngwoi van cé thé anh hwong dén mé hinh tdi nhin dang
nguwoi. Vi vdy, trong bai bdo ndy, ching t6i dé xudt chudi xir Iy bai todn tdi
nhdn dang nguwoi véi hai nhiém vu chinh: logi bé ving nén trong khung
danh doi twong da dwoc phat hién va cing cé ddc trung tach tir cdc manh
ghép cuc b dimg dé phan biét hai doi twong khéc nhau. Viéc két hop nay
nham néng cao mirc do tin cdy ciia viéc truy van ciing mot doi twong & hai
camera khéc nhau véi goc nhin khéng chong lap.

1 GIOI THIEU

cong 1a hét suc kho khan va ton rat nhiéu thoi gian,
cong suc. Do do, bai toan tai nhan dang cac doi

Tai nhan dang nguoi trong hé théng nhiéu
camera giam sat khong chdong lip ngay cang co
nhiéu tung dung, dic biét 1a trong cic hé thong
camera giam sat cong cong. Cac camera trong hé
théng ndy giam sat hang tram dia diém, hang tram
dén hang nghm nguoi m01 ngay nén viéc xac dinh
va tim kiém d6i tuong can truy van mot cach thu
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tuong can truy van nhim hudéng t6i mot hé thng
hoan toan tu dong ngay cang dugc chu trong. Viéce
tai nhan dang cac doi tuong thuong phai dbi mat
v6i nhidu khé khan nhu sy thay d6i vé anh sang,
gbc quay ciia camera, su tuong dong vé hinh dang
bén ngoai cua cac ddi twong. ..
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Dé thyc hién viéc tai nhan dang nguoi, hau hét
cac nghién cuu trude day dua trén cac thong tin
toan cyuc nhu thong tin vé phan bd mau sic, hudéng
tinh nhu (B. Prosser et al., 2010; Hirzer Martin et
al., 2011; Mert Dikmen, 2011; W. Zheng, 2011;
Martin Hirzer et a/ 2012; A. Mignon va F. Jurie,
2012;). Cac phuong phap nhan dang nay thuong
dat hi¢u qué cao khi géc nhin khong cé su thay
d6i 16n va dic diém hinh dang bén ngoai ciia cac
dbi tuong 1a twong dbi khac nhau. Tuy nhién, khi
goc nhin thay déi di 16n, cac dic tinh hinh déng
¢6 nhidu diém twong ddng hoic mién anh nén
kha giéng nhau thi hiéu suit nhan dang giam di
dang ké.

Trong bai béo ndy, ching t6i dé xuit chudi xir
1y bai toan tai nhan dang ngudi trong hé thng
camera v&i goc nhin khong chong lap gom hai
budc chinh. Pau tién, véi cac khung anh trich xuat
dbi tuong thu duoc tir kh01 phat hién ngudi (human
detector), chung t6i tién hanh viéc loai bo vung nén
con lai trong khung anh nhim giam thiéu anh
hudng cua cac ving nay 1én md hinh dac trung cua
dbi tuong. Tiép theo, khung anh cua ddi twong
dugc chia nho thanh cac manh ghép cuc bo va
dugc dic ta boi cac thong tin vé mau sic, gradlent
Bai toan tai nhan dang nguoi khi nay dugc giai
quyét théng qua qua trinh tim kiém va so sanh cac
manh ghép cuc b, nharn udce lugng do tuong ddng
giita cac ddi tugng can truy van.

Bai bao duoc td chirc nhu sau: muc 2 trinh bay
cac nghién ctru lién quan dén viéc tai nhan dang
ddi tugng, phan tich cac uu va nhugc diém cua céc
phuong phap da dé xuét. Tir cac phan tich & Muc 2,
chung t6i dé xuét trong Muc 3 chudi xir 1y bai toan
tai nhan dang ddi tuong. Muc 4 trinh bay cac Kkét
qua mod phong. Muyc 5 1a phan két luan va hudéng
phat trién.

2 CAC NGHIEN CUU LIEN QUAN

C6 rat nhidu nghién ctru lién quan dén viée tai
nhan dang nguoi trong hé thong nhiéu camera gidm
sat, trong d6 nodi bat 1a cong bd (Farenzena et al.,
2010) phat trién nghién ctru cia nhém Bazzani et
al. v6i dé xuat Symmetry-Driven Accumulation of
Local Features (SDALF). Giai thuat dé xudt két
hop nhiéu ngudn thong tin: théng tin vé mau sic
toan cuc str dung histogram trong khong gian HSV,
thong tin vé phan bd khong gian dugc udc luong
bang Maximally Stable Color Regions (MSCR) va
thong tin vé nhitng ving anh c6 mat do thong tin
tap trung. Téc gia dé xuat truéc hét tach ngudi ra
khoi phan nén trong khung anh, sau dé tién hanh
phan chia cac mién d6i xtng va bt d6i ximg nham
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tang hi€u qua trong viéc xdy dung md hinh dic
tru:ng (Hinh 1).

Hinh 1: Minh hga mé hinh SDALF
Farenzena et al., 2010

X. Wang et al., 2007 dé xuét sir dung histogram
cua cac gradient c6 hudng, két hop voi thong tin vé
mau sac dé mo ta cac ddc trung cia ddi tuong can
theo vét. Phuong phdp nay t6 ra hiu qua do6i vOi
tap dit liéu cua cac dbi twong co sy thay ddi nho vé
goc nhin. Giai thuat dua trén viéc phan doan khung
anh cua d6i twong thanh nhidu ving bing cach sir
dung céc tiéu chi vé hinh thai (bd tir dién hinh thai
da duoc hoc trude) hodc ti€u chi vé dién mao bén
ngoai. Cac md ta nay hop thanh mot ma trén thé
hién méi quan hé khong gian vé mau cta nhing
vung nay nhu trong Hinh 2.

Hinh 2: Minh hoa co s& dir liéu va két qua phéan
doan giira hai hinh (tir trai qua phai: hinh géc,
két qua phan doan dwa trén hinh thai, két qua

phan doan dya trén di€én mao)

X Wang et al. 2007

R. Zhao et al, 2013 dé xuat phan chia khung
anh ddi twong thanh cac manh ghép cuc bo (local
patch) (Hinh 3), tir d6 x4y dung ma trén trong so
tuong ung voi cac vung nodi bt cua dbi tuong,
nhim ting cudng do tin cdy cho qua trinh tdi nhan
dang. Phuong phap nay co wu diém 1a tin dung
duogc cac dac trung cuc b cua cac ddi tuong co bé
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ngoai kha gidng nhau dé phuc vu cho viéc tai
nhan dang.

Hinh 3: Minh hoa miéng ghép cuc bo (local
patch) thu dwogc tir cac doi twgng

R. Zhao et al., 2013

3 GIAI THUAT PE XUAT
3.1 Tong quan
Khung anh tw

bo phat hién nguoi

Loai bé mién nén

!

Trich xuét diic trung

!

Tim kiém manh ghép
tuong ung

!

Xy dwng ma tran chi sb
do noi bat
Uéc lugng do gibng nhau
gitra hai khung anh

!

Két qua tai nhan dang
Hinh 4: Chudi xir 1y bai toan tii nhan dang nguoi
Trong muc ndy, chung t6i trinh bay chudi xtr Iy

dé xuat dé giai quyet bai toan tai nhan dang nguoi.
Trudc hét, phan nén trong khung anh cac doi tuong
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duoc loai bo nho phuong phap duong bién dong.
Khung anh mdi sau khi da loai bo mién nén dugc
chia thanh cic manh ghép cuc bd. Pic trung vé
hinh déng bén ngoai ciia d6i twong truy van duoc
dac ta boi cac vector dac trung tinh dugc tir cac
ménh ghép nay. D9 twong dong giita hai khung dnh
truy van dugc wdc lugng thong qua quéa trinh tim
kiém manh ghép tuong Ung va ma tran chi sO danh
gia do ndi bat cua cac dic diém hinh dang bén
ngoai cuia ddi twong. Chudi xir 1y c6 thé duoc tom
tat trong luu d6 & Hinh 4.

3.2 Tach ngudi ra khéi nén

Trong phan nay, chung t6i Gmg dung giai thuat
phan doan sir dung dudng bao dong dugc d& xuat
trong (Shawn Lankton et al., 2008) dé tach ddi
tuong can truy véan ra khoi nén. Cac bude xu ly
chinh cho phan tach nén c6 thé duoc tém tit nhu
trong Hinh 5.

Goi C la duong bién khép kin duoc biéu dién
béi tap hop muc 0 ciia ham khoang cach c6 déu ¢ :
C={xg(x)=0} 1)

Mién trong cua dudng bién khép kin C duoc
udc luong xap xi voi ham Heaviside da duogc
lam tron:

1, D(x) < —¢
H[@x)] =1 0O P(x)>e (2
S[PM)] e()] <«

7r¢(

Aot ()

vOi S[¢( 2 Ll

Tuong tu, mién ngoai cua C dugc dinh nghia 1a
(1-H[4(x)])

Mién lan cin quanh dudng bién dugc dinh

(]

nghia béi dao ham cua ham H [¢

g=

Hinh 5: Tw tral qua, (a) Anh goc, (b) Mit na
anh dwgc dinh nghia trwérce, (c) Mo ta qua trinh
tinh toan dwong bién dong, (d) Mit na sau khi

trich xuit




Tap chi Khoa hoc Truong Pai hoc Can Tho

1, P(x)=0
S[O(x)] = 0, 0(x) <e (3)
D[@(x)] |0(x) =¢

voi D[ ¢(x)]= i(l + cos(@n :

Goiy la bién’ khong gian thtr hai, doc 1ap voi
bién x. Cd hai bien nay déu dung d¢ bi€u dien mot
diém nao do trong mién khong gian ctia anh. Ham
dac trung B( X, y) dung dé danh déu cac ving cuc
b6 c¢6 dang hinh tron v6i tim 14 x va ban kinh bang
r dugc dinh nghia nhu sau:

1, |x—yl|l<r
B(x,y) = { ' .
.7 0, Khac
Ham nang lugng E trong vung cuc bo dinh
nghia boi B( X, y) dugc dinh nghia nhu sau:

E(9)= [ 59(x) [ B(x.2)F(1(2).6(»))dvetx )

4)

v6i F 14 ham ning luong md ta mirc d6 gidng nhau
va khac nhau gifra cac pixel trong cac ving cuc bd
doc duong bién. Cac dang khac nhau cta ham F
duoc dinh nghia chi tiét nhu trong nghién ctru
(Shawn Lankton et a/., 2008).

Dé ap dung giai thuat phan doan bang dudng
bién dong vao viéc tach mién nén trong khung anh
nguoi, mot mat na anh thé twong tng véi ba ving
dau, than va chan cua nguoi dugce khoi tao, 1am co
s& cho cac vong lap tim kiém. Giai thuat phan doan
bing dudng bién dong sau do duogc ‘ap dung dé co
dugc mat na M Ung voi vung dbi tugng. Anh
loai bo nén Iy, thu dugc thong qua phép nhan chap
ma tran:

ly=1®M (6)

Hinh 6 trinh bay két qua cia qué trinh tach déi
tuong ra khoi nén.

a b i

Hinh 6: Tach di twong ra khéi anh nén
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3.3 Trich xuit cic dic trung cuc b

Pé mo ta hinh dang bén ngoai cua cac ddi
tuong can truy van, khung anh cua ddi tugng sau
khi da loai bo phan nén truéc hét s& dugc chia
thanh cac manh ghép cuc bd (local patch), vi mdi
manh ghép co kich thuéc 1a & x [ pixel. Mdi manh
ghép tiép theo s& duoc trich hai dic trung la
histogram trong khong gian mau LAB va déc trung
SIFT. Vector tinh dugc tir hai loai déc trung nay sé&
dugc ghép lai thanh mot vector tong quat, dic ta
thong tin cua ting manh ghép, va dugc goi la
vector dac trung dCOLORSIFT (R. Zhao et al,
2013).

3.4 Tim kiém ménh ghép twong irng

Do go6c nhin ctia cidc camera gidm sat la khac
nhau va nguoi trong qua trinh di chuyén s& co su
thay d6i vé hinh dang bén ngoai, vi vay cac mién
twrong mg giita hai khung anh cia cing mot ddi
tuong s€ khong chinh xac ¢ cung mot vi tri. Budc
xtt 1y nay s& thyc hién viéc tim kiém cac manh
ghép “twong mg” trong mot mién linh dong xung
quanh vi tri cia manh ghép truy vin. Manh ghep
trong ung dugc xem la manh ghép c6 do giong
nhéit v6i manh ghép dem di truy van.

Goi X;‘”’f 1a vector dic trung trich tir manh
ghép & hang m va cot n trong anh thur p thu duogc tir
camera A. Goi T™P (m) la tdp hop cac manh ghép

¢ hang thtr m:

()=

Tét ca cac manh ghép trong tap hop T4P(m) c6

An=1.2....N| @)

cing mot tap tim kiém manh ghép tuong tmg trong
anh thir g thu dugc tir camera B:

S(Xe8x%9) = T2 m), W2 e TA*(m) (8)

véi XB91a tap hop cac manh ghép trong anh ¢ thu
duoc tir camera B. Trong trudng hop ly tuong, tap
S 14 hang thtr m cta anh ¢ & camera B. Tuy nhién,
viéc tim kiém theo hang twong tmg thuong khong
mang lai hi€u qua cao vi sy thay ddi goc nhin cua
camera giam sat, ciing nhu sy thay d6i vé hinh
dang ctia nguoi khi di chuyén. Dé ddi pho véi cac
bién thé khong gian, viéc tim kiém duoc néi rong
ra trén cac hang lién ké voi hang can tim kiém, viéc
tim kiém nay dugc mé ta theo cong thirc sau:

§xnhx>7) = {12 (b)}b e N(m)},

©
vy €T47(m)
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v6i N(m)={m-I,..,m..,m+I{, m=1>0 va m+/<M
, M 1a s6 hang cua khung anh p, ¢g. Gid tri / xac
dinh s0 hang linh dong cho viéc tim kiém.

Pbi véi mdi manh ghép c6 vector ddc trung
X;‘”’f trong khung anh p cua camera 4, chiing toi

thyc hién tim kiém méanh ghép tuong tng trong
khung anh g cia camera B, nghia la tim kiem

). Ham
wdc lugng d6 gibng nhau cua hai vector dic trung
duoc dinh nghia thong qua ham Gaussian:

() Al) o

3.5 Uéec lugng chi so danh gia d9 ndi bat

vector gan nhét trong tap hop S(

mn’

s(x,y)= expL
véi o 1a tham sb cho trude.

O phan nay chung t6i trinh bay hai phwong
phéap dugc ap dung la k-Nearest Neighbors (k-NN)
(S. Byers va A. Raftery, 1998) va One Class
Support Vector Machines (OCSVM) (K. Heller et
al,, 2003) dé xay dung ma tran chi s6 danh gia d¢
nbi bat clia cic dic trung hinh dang bén ngoai
dbi tuong.

3.5.1 k-NN

Goi N, 1a sb lugng cac anh trong tap hop anh
tham chiéu cho qué trinh tai nhan dang. Sau khi
xay dung vector dac trung (ACOLORSIFT) va thuc
hién viée tim kiém cdc manh ghép tuong Ung gitra
anh truy van va cac anh trong tap tham chiéu, ing

v6i mbi manh ghép truy van X,’:\”‘; , ta ¢6 dugc N,
manh ghép tuong Gng tim dugc tor N, anh tham
chiéu. Tap hop cac manh ghép nay, tam goi la
X, (X,'?”': ), dugc dinh nghia theo cong thirc sau:

X|argrnax S(an, ),q =

YES

(X

1,.., N, (11)

voi pq S(mn,

trong phuong trinh (9) va s 1a ham wéc lugng do
giong nhau dinh nghia trong phuong trinh (10).

Khoang cach KNN (S. Byers va A. Raftery,
1998) duoc sir dung dé ude lugng chi s6 danh gia
d0 ndi bat (salience score):

) la tap tim kiém 1an cén
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&)Oreknn(xrﬁ:rl:)sz(Xnn(err\iﬁ)) (12)
v6i Dy 1a khoang cach gitta manh ghép truy van va
ménh ghép tuong (mg gan nhét thi .

3.5.2 OCSYM

Giai thuat thir hai dugc 4p dung trong phan nay
la One Class Support Vector Machines (OCSVM)
(K. Heller et al, 2003). Y tudng co ban cua
OCSVM la tim kiérq mot mat siéu cau biéu dién
dugc hau hét cac diém dir liéu trong khong gian
dédc trung va co kich thuéc nho nhat ¢ thé. Mat
siéu cau nay tim dugc thong qua viéc giai bai toan
t6i wu voi ham quyét dinh (X) duoc dinh nghia
trong (R. Zhao et al., 2013).

Chi sb danh gia do ndi bat trong truong hop nay
duogc udce lugng nhu sau:
)= o[

mn m,n?>

SO 6 X (13)

véi x*=argmaxf(x), d

XEXn| X1

la khoang céch

Euclidean gitta cac vector dic trung.
3.6 Tainhin dang doi twong

Phan nay trinh bay budc cubi ciing trong chudi
xu ly bai toan tai nhan dang dél twong. Xét mot cap
anh gom anh cua dbi tuong can truy van (anh p) va
anh trong tap tim kiém (anh ¢). Ung véi mdi manh

ghép Xx2P

mn» & tim dugc manh ghép tuong Ung

trong mién tim kiém ‘% mns X ’q) la:
B q —
= argmax R (14)
XeS S( m )

Anh cua dbi twong trong tap anh tim kiém c6
dd twong dong cao nhat véi anh truy van dugc xac
dinh nhu sau:

g* = argmax Sm(xA’p,XB‘q) (15)

q
v6i ham Sim 1a ham do d¢ giéng nhau giita hai ddi
tuong trong khung anh p va ¢. Ham Sim duoc udc
lugng nhu sau:

Sm(x*?,x%7) =

score{ x37)- (X3, X" ) so0ref X
z a+|score( m,n)—score(x,,/. )‘

) «6)

mn
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voi ¢ 1a tham so cho trudc, score cé the 1a gia tri
SCOFeimy, hodc scorepesym.

4 KET QUA VA THAO LUAN
4.1 Co s dir liéu

Ching t6i st dung co s& dir liu VIPeR
(Viewpoint Invariant Pedestrian Recognition) (D.
Gray et al., 2007) dé 1am co sé dit liéu mo phong.
Day 1a co so dir liéu duoc st dung phd bién, rong
rii dé kiém tra sy hiéu qua cua cac phuong phap tai
nhan dang d6i tuong. Co so dir liéu nay bao gdm
632 anh cua cac doi tuong thu dugc tir hai camera
¢6 gbc quay va do chiéu sang khac nhau. Cac anh
nay déu cé kich thudc 1a 124 x 48. Cac hinh anh
thu dwoc tir camera 4 c6 goc nhin tir 0° dén 90°,
con camera B ¢6 goc nhin tir 90° dén 180°.

4.2 Cach thirc thuc hién mo phéng

Theo nhu cach thirc dwoc dé xuét trong (Gray,
Douglas va Hai Tao, 2008), chiing t6i lay tuy y 316
cap anh dung cho muc dich huén luyén va 316 cap
con lai ding cho kiém tra. Trong thi nghiém nay,
cac anh ¢ camera A4 dugc s dung nhu 1a mot tap
hop cac ddi tuong can dugce nhan dang, con cac
anh & camera B dugc sir dung nhu 1a mot tap cac
déi tugng da dugc dinh danh. BJ chinh x4c cta bai
toan nhan dang phuy thudc vao cAu trac cia tap hop
A va B. Néu 4 va B cang chira nhiéu thong tin dic
trung riéng cho timg dbi trong dé so sanh thi do
chinh xé&c cang cao, va di nhién di keém véi do, do
phtrc tap cling s€ tang lén. Két qua tai nhan dang
duoc biéu didn bang duong cong Cumulative
Matching Characteristic (CMC) (X. Wang et al.,
2007).

4.3 Két qua md phéng

Hinh 7 biéu dién két qua cac duong CMC
cua cac giai thuat SDC_KNN, SDC_OCSVM (R.
Zhao et al, 2013), va hai giai thuat do nhoém
nghién ctu d& xudt 1a SDC KNN mask, va
SDC_OCSVM_mask (T. Toan, 2015). Nhin vao do
thi ndy ta thay rang giai thuat dé nghi co cai tién
tuong ddi so véi giai thuat goc ban dau.

Bang 1 so sanh két qua nhan dang véi cac
phuong phéap khac nhau: LMNN W. Zheng, 2011,
PCCA (A. Mignon va F. Jurie, 2012), SDC_kNN
(R. Zhao et al., 2013), SDC OCSVM (R. Zhao et
al., 2013), SDALF (Farenzena et al., 2010), va
phuong phap cai tién ciia (R. Zhao et al., 2013), ¢6
két hop mat na anh la SDC kNN mask va
SDC_OCSVM_mask (T. Toan, 2015).
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Cumulative Matching Characteristic (CMC) Curves - VIPeR dataset

Matches

— © — SDC KNN
3 / ~ & — SDC KNN mask
- + —SDC OCSVM

SDC OCSVM maskf

OBk

5 10 15 20 5
Rank

Hinh 7: Két qua tii nhan dang ngudi thu dwoc
v6i b co sé dir liéu VIPeR
Bang 1: So sanh két qua tai nhan dang ngudi
v6i cac phwong phap khac nhau trén b

co s¢ dir liéu VIPeR
Phwong phap R=1 R=5 R=10 R=20
LMNN 6.23 19.65 32.63 52.25
PCCA 19.27 48.89 6491 80.28
SDALF 19.87 38.89 49.37 65.73
SDC_kNN 24.68 47.47 61.08 72.15
SDC_OCSVM 26.27 51.27 62.03 7532
SDC_KNN_mask 25.95 50.00 62.34 75.95
SDC_OCSVM _mask 27.53 4842 63.92 76.27

5 KET LUAN VA HUONG PHAT TRIEN

Trong bai bao niy, ching t6i trinh bay chudi xir
1y bai toan tai nhan dang dbi tugng véi hai bude xir
ly chinh: tach ngudi ra khoi mién nén con lai trong
khung anh va thuc hién viéc tim kiém anh tuong
ddng dé xac dinh di tuong can truy van. Két qua
thuc nghiém cho thiy mo hinh d& xuét cai thién
duoc mot phén hiéu suit nhan dang ddi tuong so
v6i mot s& phuong phap khac.

Mot s& hudng phat trién c6 thé xem xét dé nang
cao hiéu qua cua bai toan tai nhan dang nhu khao
sat kich thuéc manh ghép cuc bd nhiam chon ra
thong s kich thudc téi wu, hay kiém nghiém mot
sO dic trung khac trong qua trinh trich xuat ddc
trung trén cac manh ghép cuc bo.
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